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(57) Abstract 



Simple and efficient methods and combustor systems for diverting a portion of main fuel to a pilot combustion air stream through a 
pilot premix nozzle is provided. This increase in premixed air-fuel to the pilot stage and simultaneous reduction in the amount of diffusion 
fuel flow to the pilot nozzle result in a reduction of nitrogen oxides emission. 
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DIFFUSION AND PREMIX PILOT BURNER FOR LOU NOX COMBUSTOR 

10 

FIELD OF THE INVENTION 
The present invention relates to combustors for turbine engines. More 
specifically, the present invention relates to methods for reducing the emission of 
nitrogen oxides by lowering the amount of diffusion fuel supplied to a pilot burn section 

15 while increasing the amount of premixed air-fuel mixture to the pilot burn section. 

BACKGROUND OF THE INVENTION 
Many combustors require a diffusion pilot stage to start the turbine engine 
and to respond to an increase in the engine load. At full turbine load, the fuel supply 
to the pilot burner is set at the minimum value required to stabilize the combustion 

20 process, which also niiiumizes nitrogen oxide (NO.) emissions. The pilot stage is 
normally a diffusion-type burner, and is therefore a significant contributor of NO, 
emissions even though the percentage of fuel supplied to the pilot is quite small (often 
less than 10%). The pilot flame thus limits the reduction of NO, emissions that can be 
obtained with this type of burner. 

25 It is recognized that a substantial reduction in NO, emission can be 

achieved by diluted combustion, in a premixing-typc combustor in which the combustion 
takes place after a premixing of fuel and air. as opposed to the diffusion-type combustor 
mentioned above in which both the mixing of air and hiel and combustion are achieved 
in a combustion chamber, i.e., a lean fuel mixture reduces the generation of NO,. One 

30 method of premixing of fuel and air is disclosed by U.S. Patent No. 4,671,069, which 
discloses a technique where air and fuel are premixed and injected through a fuel nozzle. 
However, premixing requires additional valving and control systems, adding to the 
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complexity of the fuel nozzle. In fact, all current methods of providing a premixed air- 
fuel to the pilot burn section require additional fuel passages, including valving, 
manifolds, piping and/or control system modifications all of which result in complex fuel 
nozzles. 

5 Thus, there remains a need for a simple and efficient method for 

supplying premixed air-fuel to the pilot burn section to reduce the amount of diffusion 
fuel requirement, thereby reducing the emission of NO K . 

SUMMARY OF THE INVENTION 
The present invention provides methods and apparatus for reduced NO, 
10 emission in combustors used in gas turbines by decreasing the amount of a diffusion fuel 
to a pilot section, and then increasing the amount of a premixed fuel to the pilot section. 
The premixed fuel is obtained by injecting a fuel obtained from a main fuel manifold 
into a pilot nozzle combustion air stream through a pilot premix nozzle. The present 
invention is based upon a recognition that a large reduction of NO x can be achieved in 
15 the pilot burn section by decreasing the amount of diffusion fuel and increasing the 
premixed fuel to provide leaner fuel for combustion. The amount of premixed fuel is 
proportionally increased as the amount of diffusion fuel is decreased to maintain stable 
pilot stage combustion flame in the combustion system. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 FIG- 1 shows one preferred embodiment of a combustor constructed in 

accordance with the present invention; 

FIG. 2 shows a detailed illustration of a pilot premix nozzle shown in 

FIG. 1; 

FIG. 3 shows a view of a combustor fuel nozzle against the flow of fuel; 
25 FIG. 4 shows a schematic illustration of another embodiment of the 

present invention; 

FIG. 5 shows a view of FIG. 4 against the flow of fuel; and 
FIG. 6 shows another combustor fuel nozzle in accordance with an 
embodiment of the present invention; 
30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is generally directed to combustors in a gas turbine 
engine that require a diffusion fuel pilot stage and operates on the principle of premixing 
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the main stage fuel and air to minimize NO x emissions. A typical combustor to which 
the present invention is applicable has a pilot stage and two or more additional stages 
that are brought on-line progressively as the load increases. The pilot stage is used to 
start the engine and increase the load of the turbine engine until full power is reached. 

5 As shown in FIG. 1, the combustor 100 has a nozzle housing 6, with a 

nozzle housing base 5. A diffusion fuel pilot nozzle 1, main fuel nozzles A 2 and main 
fuel nozzles B 3 are attached to the nozzle housing base 5. A pilot premix nozzle 4 is 
also attached to the nozzle housing base 5. The stage B main fuel manifold 13 has fuel 
inlets 16 which provides fuel to main nozzle B and, in addition, it also has a fuel inlet 

10 17 which provides fuel 32 to the pilot swirler 11 (FIG. 1). Also shown in FIG. 1 is a 
fuel inlet pipe 18 that provides fuel to the main fuel manifold B. Compressed air 101 
from the compressor flows between support ribs 7 to the main fuel swirler 8. At this 
point, the air mixes with the main fuel and is carried into the main combustion zone 9, 
where it burns. In order to facilitate the mixing of air and fuel, stationary turning vanes 

15 IS are disposed inside the main fuel swirler 8. Other portions of the compressed air 
enter through another set of stationary turning vanes 10 located inside a pilot swirler 11. 
At this point, this portion of the compressed air mixes with pilot fuel 30 and is carried 
into the pilot burn area 102 where it combusts. A pilot premix nozzle 4 is located in the 
pilot nozzle combustion air stream 12. 

20 As shown in FIG. 2, the pilot premix nozzle 4 is connected to the stage 

B main fuel manifold 13. Typically, stage B is not activated until the turbine load 
reaches about 60%. In general, only stage A and the pilot are activated when the 
turbine load is less than about 60%. Thus, no fuel flows from stage B main fuel 
manifold 13 to the pilot premix nozzle 4 until stage B is activated. As explained above. 

25 the stage B main fuel manifold 13 is located in the nozzle housing 6. When main fuel 
nozzle B 3 is activated, the fuel flow is split between the main fuel nozzle B 3 and the 
pilot premix nozzle 4. As the fuel 31 from the pilot premix nozzle 4 is injected into the 
pilot nozzle combustion air stream 12 (FIG. 1) where it mixes with the air and due to 
the pressure gradient flows toward pilot burn section 102. When the premixed fuel is 

30 provided to the pilot burn section, flow of diffusion fuel 30 to the pilot nozzle 1 is 
decreased, and accordingly results in a lowering of the flame temperature, thereby 
reducing NO x emissions. The amount of fuel flow split between the main fuel nozzle 
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B 3 and the pilot premix nozzle 4 is determined by the relative size and number of the 
injection ports in the two stages. The total fuel flow to the stage B main fuel manifold 
13 is increased to compensate for the amount supplying the pilot premix nozzle such that 
the fuel supplied to the main fuel nozzle B 3 is not affected. As the premixed fuel to 
5 the pilot stage is gradually increased with the load through the pilot premix nozzle 4, the 
fuel flow to the pilot diffusion stage is proportionally reduced. The exact position of the 
pilot premix nozzle 4 and the percent of the fuel supplied is determined at the design 
stage as required to optimize performance. 

As shown in FIG. 3, pilot nozzle 4 is surrounded by main fuel nozzles, 

10 which comprise alternating main fuel nozzle A 2 and main fuel nozzle B 3. Typically, 
when the turbine load is less than 60% only the main fuel nozzle A 2 is on-line. Thus, 
no fuel is supplied by main fuel nozzle B 3 and, hence, no premixed fuel is supplied to 
the pilot stage. Of course, the pilot stage (1, seen in FIG. 1) is active at all times except 
when the turbine is completely off line. 

15 The ratio of air to fuel mixture provided by the pilot premix nozzle is 

such that no combustion takes place until it is further mixed with diffusion fuel from the 
pilot nozzle, i.e., the mixture is too lean to burn without further enrichment of fuel 
provided by the pilot nozzle. Thus, no flashback of the flame is encountered. 
Typically, in preferred embodiments, the stationary turning vane 10 is located inside the 

20 pilot swirler 11 to provide swirling action of air to facilitate mixing of fuel and air. 

In general, during full load operation, the diffusion fuel provided to the 
pilot nozzle is reduced from approximately 10% to about 4-6% of the total fuel 
consumption. The premix fuel from pilot premix nozzle contributes an equal amount of 
fuel, i.e., about 4-6% of the total fuel consumption. Thus, the amount of fuel required 

25 in the pilot stage to provide a stable pilot section flame is optimized. The proper ratio 
of premixed fuel and diffusion fuel can be easily determined depending upon the 
particular combustor system and operating conditions. 

FIGS. 4-5 illustrate, respectively, a side elevation, in cross section, and a 
front view, looking against flow, of a Stage B premix nozzle made in accordance wiih 

30 the present invention. The cross-section of FIG. 4 is taken along lines B-B of FIG. 5. 
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As seen in FIGS. 4-5, a passageway 40 is provided that permits fluid flow 
from Stage B, This passageway 40 is in turn connected to and in fluid communication 
with a pilot premix supply 42. The pilot premix supply 42 is in turn connected to and 
in fluid communication with the pilot premix nozzle 44. 

5 Referring now to FIG. 6, it can be seen that when the stage B main fuel 

manifold 13 is located on the front face of the nozzle housing base 5, the pilot premix 
nozzle 4 (seen in FIG. 1) can be replaced by a series of openings 103 connected to and 
in fluid communication with this passage. 

Those skilled in the art will appreciate that numerous changes and 

10 modifications may be made to the preferred embodiments of the invention and that such 
changes and modifications may be made without departing from the spirit of the 
invention. It is therefore intended that the appended claims cover all such equivalent 
variations as fall within the true spirit and scope of the invention. 
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CLAIMS: 

1 . A combustor turbine comprising: 

a nozzle housing with a base, a burn section located adjacent to 
said nozzle housing and disposed on the opposite side of said base; 

a main fuel manifold located at said base of said nozzle housing; 

5 a pilot nozzle attached to said base of said nozzle housing, 

wherein said pilot nozzle is located inside said nozzle housing and said 
pilot nozzle comprises a diffusion fuel system; a main nozzle attached 
to said base of said nozzle housing, said main nozzle being located 
inside said nozzle housing and parallel to longitudinal axis of said pilot 

10 nozzle; a system for introducing a premixed air-fuel to said pilot section 

comprising a pilot nozzle combustion air stream; and a pilot premix 
nozzle, wherein said pilot premix nozzle is connected to said main fuel 
manifold, and said pilot premix nozzle is located in the line of said pilot 
nozzle combustion air stream; and 

15 a means for reducing the amount of fuel supplied to said pilot nozzle in 

proportion to increase in the amount of the premixed fuel. 

2. The combustion system of claim 1 further comprising a pilot 
swirler, said pilot swirler surrounding a portion of said pilot nozzle and extending 
beyond the end of said pilot nozzle in the opposite direction of said base of said nozzle 

20 housing. 

3. The combustion system of claim 2 further comprising a turning 
vane located inside said pilot swirler. 
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4. The combustion system of claim 1 further comprising a main fuel 

swirler, said main fuel combustion basket surrounding a portion of said main nozzle 

and extending beyond the end of said main nozzle in the opposite direction of said 

base of said nozzle housing. 
5 5. The manifold swirler of claim 4 further comprising a turning vane 

located inside said main fuel combustion basket. 

6. The combustion system of claim 1 wherein said pilot nozzle air 

stream is introduced near the base of said nozzle housing and flows towards said pilot 

burn section. 

10 7. The combustion system of claim 1 wherein the fuel from said pilot 

premix nozzle is increased proportionally to decrease in fuel from said diffusion fuel 
system of said pilot nozzle. 

8. A method for reducing emission of nitrogen oxides in a combustor 

comprising: 

l5 decreasing the amount of a diffusion fuel to a pilot burner; and 

increasing the amount of a premixed fuel to said pilot burner, 
wherein said premixed fuel is obtained by injecting a fuel obtained from a main fuel 
manifold into a pilot nozzle combustion air stream through a pilot premix nozzle. 

9. The method of claim 8 wherein said pilot premix nozzle is 
20 connected to said main fuel manifold. 

10. The method of claim 8 wherein the size of said pilot premix nozzle 
is selected to provide substantially optimum performance. 

11. The method of claim 10 wherein said pilot premix manifold is 
positioned in said pilot nozzle combustion air stream to provide optimum 

25 performance. 
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